Although the adrenal cortex and medulla arise from different embryological tissues, they are intimately associated in the developing embryo. The adrenal cortex arises from splanchnic mesenchyma, while the medulla arises from nervous tissue.' The chromaffin cells migrate by way of the celiac plexus to penetrate the adrenal cortex as scattered islands which later aggregate to form the adrenal medulla. It is conceivable that islands of chromaffin cells surrounded by adrenocortical cells might develop as aberrant tissue. Later, if a tumor developed in this aberrant tissue, both adrenocortical and medullary elements would be present.
In the present study, slices of a pheochromocytoma have been incubated and a compound which resembles cortisol has been isolated from the incubation media.
CASE HISTORY
A 62-year-old white female entered the Memorial Unit of the GraceNew Haven Community Hospital for surgical removal of a right suprarenal mass. About 18 months prior to admission, because of left flank pain, an intravenous pyelogram was performed which revealed normal kidneys and a right suprarenal mass. The pain subsided spontaneously without a definitive diagnosis of the suprarenal mass. During the year prior to admission she had a 10-lb. weight loss despite a good appetite. The patient noted easy fatiguability and two to three soft bowel movements a day. Two months prior to admission a GI series and barium enema were negative, while an intravenous pyelogram revealed the suprarenal mass to be unchanged in size or shape. The patient denied any episodes of weakness, nervousness, sweating, palpitations, or hypertension. Her private physician reported her blood pressure was normal on several occasions prior to hospitalization.
Physical examination was unremarkable except for an elevation of blood pressure on two occasions-150/100, and 170/100. Multiple other blood pressures were normal. Laboratory studies revealed a normal urinalysis and hemogram, NPN 34mg.%o, FBS 109%o. Serum electrolytes are represented in Table 1 .
The patient had none of the signs or symptoms of an adrenocortical or medullary tumor. The low serum potassium raised the question of an aldosterone-secreting tumor. However, it was considered that the frequent bowel movements probably accounted for the potassium deficiency.
The patient's reluctance to allow diagnostic procedures prevented further investigations. At surgery on the fourth hospital day a large right adrenal mass was discovered. Despite vigorous manipulation, no significant alteration in blood pressure occurred. After the tumor was dissected free, and prior to clamping of the large veins draining the tumor, the blood pressure dropped precipitously. Vasoxyl®, levophed®, blood, and 200 mg. of hydrocortisone hemisuccinate were administered within a short period. The blood pressure rose to 100-110/70. For several days postoperatively the patient was lethargic, weak, and hypotensive unless maintained on levophed®. Cortisone 
METHODS
The excised tumor was freed of fat and weighed. Tissue slices were made with a Stadie-Riggs microtome. The tissue was incubated in Krebs-Ringer bicarbonate buffer with 200 mg.% glucose in an atmosphere of 95% 02, 5% CO2 for 3 hours. Since it was unclear at the time of surgery whether this was a nonfunctioning adrenal tumor, pheochromocytoma, or adrenal cortical tumor, care was taken to avoid incubating any part of the tumor's capsule which might contain adrenocortical tissue. Sections of tumor tissue for incubation were taken from the central portion of the tumor, well away from the yellow speckled few millimeter thick capsule. The rest of the tumor was stored at minus 200 C. Slices of the excised right adrenal cortex were also incubated in separate flasks.
After incubation, the media from the tumor and adrenal cortex were extracted separately with redistilled chloroform. The chloroform extracts were washed once with 1/10 volume of 0.05N NaOH, twice with 1/10 volume distilled water, dried with anhydrous sodium sulfate, and evaporated in vacuo at 400 C. The residue was applied to a paper chromatogram in a modification of the toluene-propylene glycol system' along with reference corticosteroids. The standards and unknown compounds were located by the ultraviolet scanning technique. After elution with ethanol, the unknown ultraviolet absorbing band was rechromatographed in the Bush-C system' with appropriate standards on either side. Standards and unknown were located as before. Chemical characteristics of the compound were determined after elution from the second chromatographic system. Fluorescence in alkaline solution was measured by the method of Abelson and Bondy'; Porter-Silber reaction'7 and appropriate paper blanks were measured simultaneously.
Acetylation was carried out with 20 lambda each of redistilled acetic anhydride in anhydrous benzene (15% V/V) and redistilled anhydrous pyridine for 24 hours. Chromatography of the acetylated compound was performed in the carbon tetrachloridemethanol-water system'5 with standard cortisol acetate. Radioactive progesterone- Table 2 illustrates chromatographic and chemical characteristics of the compound isolated from the incubation media of 4 grams of tumor slices. After 2 chromatograms approximately 6 ug. were found. Mobilities are expressed as ratios of the mobility of the compound to that of standard compound E (cortisone). The compound had the same mobility as stand- pound was acetylated and rechromatographed in a carbon tetrachloride, methanol-water system. This acetylated compound had the same mobility as standard cortisol acetate and contained a small amount of radioactivity. This suggests that a portion of the radioactive progesterone was hydroxylated by the tumor slices to form cortisol. However, this was only a minute fraction of the total radioactivity. This low amount of incorporation might possibly be due to precursors within the cells being more readily hydroxylated to cortisol than tracer quantities of progesterone added to the media. The progesterone might not easily gain access to the small number of "adrenocortical-type cells" interspersed throughout the relatively large amount of tumour tissue. Another possibility is that endogenous cortisol had diffused into the tumor from adjacent adrenocortical tissue prior to incubation. This latter possibility seems unlikely since the content of cortisol within the adrenal is quite low. A sufficient concentration gradient would hardly be present for cortisol to diffuse into the center of this large tumor. It appears therefore that the enzymes necessary to convert tritiated progesterone to tritiated cortisol were present in this tissue. However, since the yield of tritiated cortisol was so small the possibility of radioactive impurities cannot be excluded, although similar studies with control tissues from another species would not indicate this.' Table 5 compares the in vitro release of the patient's right adrenal cortex and the pheochromocytoma. The third column illustrates that the micrograms of cortisol produced per gram of tissue is much higher for the adrenocortical tissue. However, although the adrenal cortex was not weighed, if it is assumed that it was a large 7-gram gland, and that the production of steroids by the rest of the tumor tissue was at least that of the incubated tissue, the total steroid production of the adrenal cortex is less than that of the tumor. Chromatographic mobilities of the radioactive "cortisol" (F). RE determined similarly to RE in Table 2 . RF refers to the ratio of the mobility of the acetylated derivative of the radioactive "cortisol" to authentic cortisol (F) acetate which was arbitrarily assigned R produce symptoms of hyperadrenalism. The removal of this tumor would leave atrophied adrenals to cope with the stress of surgery. This did not appear to be the situation in the present case, since the hypotension did not appear to respond to hydrocortisone alone. Actually, the nature of the vascular collapse was unclear. Such a clinical state would be difficult to detect prior to surgery. In vitro studies would help to clarify this possibility. Moreover, it would be of interest to determine whether adrenocortical tumors associated with Cushing's syndrome contain an excess of catechol amines.
SUMMARY
A 169-gram adrenal tumor was removed from a relatively asymptomatic 62-year-old woman. Histologically, the tumor resembled a pheochromocytoma yet contained vacuolated tumor cells suggestive of lipid. Assay of the tumor revealed an excess of catechol amines. Slices of tumor tissue released a compound in vitro which had the chromatographic characteristics of cortisol.
The implications of these findings are discussed.
